Abstract Aggressive surgical management of spinal metastatic disease can provide improvement of neurological function and significant pain relief. However, there is limited literature analyzing such management as is pertains to individual histopathology of the primary tumor, which may be linked to overall prognosis for the patient. In this study, clinical outcomes were reviewed for patients undergoing spinal surgery for metastatic breast cancer. Respective review was done to identify all patients with breast cancer over an eight-year period at a major cancer center and then to select those with symptomatic spinal metastatic disease who underwent spinal surgery. Pre-and postoperative pain levels (visual analog scale [VAS]), analgesic medication usage, and modifed Frankel grade scores were compared on all patients who underwent surgery. Univariate and multivariate analyses were used to assess risks for complications. A total of 16,977 patients were diagnosed with breast cancer, and 479 patients (2.8%) were diagnosed with spinal metastases from breast cancer. Of these patients, 87 patients (18%) underwent 125 spinal surgeries. Of the 76 patients (87%) who were ambulatory preoperatively, the majority (98%) were still ambulatory.
Introduction
In North American and Western European women, carcinoma of the breast is the most common malignancy and the second most common cause of cancer-related death [7, 12, 21] . In women with metastatic breast cancer, skeletal involvement is very frequent, with reported incidences between 47 and 85% in autopsy series and 69-80% when defined radiographically [7, 12, 16, 21, 31] . About onethird of these spinal metastases become symptomatic, causing intractable pain, neurological deficits, and/or biomechanical instability requiring surgical treatment [19, 34] . In patients with metastatic spinal tumors, the histopathology of the primary cancer has frequently been shown to have significant prognostic value [2, 3, 26, 28, 34, 37] .
However, despite the paramount importance of primary tumor histopathology, few studies in the literature on spinal metastases are pathology specific. Therefore, the purpose of this study is to review the outcomes of a large number of patients undergoing spinal surgery for metastatic breast cancer at a major cancer center.
Methods

Patient population and selection criteria
A retrospective review was performed of all patients treated at, The University of Texas, M. D. Anderson Cancer Center from June 1, 1993 to June 30, 2001 for histologically confirmed breast cancer with metastases to the spine. During this period, a total of 16,977 patients were diagnosed with breast cancer at the institution, as identified through a search of the tumor registry. During the same time period, there were 2,641 patients diagnosed with spinal metastases from a variety of primary cancer types, 479 of which were from breast cancer. Eighty-seven of these patients (18%) underwent surgery for spinal metastases.
The selection criteria for undergoing surgical intervention for spinal metastases from breast cancer required all patients to be deemed medically stable enough to undergo the proposed surgery and to have at least one of the following conditions: (1) obvious spinal deformity with intractable pain, (2) retropulsed bone or disc fragment in the spinal canal causing significant spinal cord compression or (3) prior irradiation of the site of progressive spinal involvement with cord compression or (4) medically intractable mechanical, local, or radicular pain. Patients excluded from surgery were those with end-stage disease (e.g., estimated survival <3 months), absence of biomechanical instability, significant spinal deformity, or major neurological deficit, and those who refused surgery (Fig. 1) . Life expectancy was estimated by the medical oncology service using multiple characteristics of the individual patient, including but not limited to: histopathology, age, functional status, concomitant comorbidities, presence of untreatable visceral metastases, hormone receptor status, response to adjuvant therapy, quality of life issues, and presence of psychosocial problems. These patients, when treated, underwent radiation therapy and/or chemotherapy/hormonal therapy. Patients not undergoing surgery, when opting for additional treatment, underwent radiation therapy and/or chemotherapy/hormonal therapy. Eighty-seven patients met the above criteria and constituted the study group for this paper. These patients underwent a total of 125 spinal operations over the duration of follow up.
Data collection
Medical records were retrospectively reviewed for demographic, clinical, radiographic, and histological data. Data collected regarding the primary breast cancer included dates of initial diagnosis, surgery, radiation and/or chemotherapy/hormonal therapy and the presence of other metastases at the time of spinal surgery. Clinical data collected regarding the spinal metastases included the presenting neurological signs and symptoms as quantified by the Frankel grading system [15, 20] . Also, the severity Fig. 1 Proposed algorithm for treatment of patients with symptomatic spinal metastases from breast cancer of pain was assessed using a numerical pain rating scale (0-10), which is a modification of the visual analog scale (VAS) [10, 42] . The type of pain medication used was classified from 1 to 5, as previously reported by the senior author (Table 1) [20] .
Neuroanatomy and neuroimaging
The anatomical location of the spinal lesions was assessed using magnetic resonance (MR) imaging and plain X-rays. The total number of vertebral segments involved with tumor was noted and grouped into categories (e.g., single lesion, two lesions, and three or more lesions) for analysis of survival and complications. Metastatic spinal lesions requiring surgery were classified as follows: cervical (C, C1-6), cervicothoracic (CT, C7-T1), thoracic (T, T2-11), thoracolumbar (TL, T12-L1), lumbar (L, L2-4), or lumbosacral (LS, L5-S1). Lesions encompassing two or more of these regions such as cervicothoracic, thoracolumbar, and lumbosacral regions were considered to be at a junctional level.
Pathological data
All patients had histologically verified breast cancer treated at M. D. Anderson. The original diagnosis was often made at a referring institution. All available pathology slides from outside hospitals were reviewed at M. D. Anderson to confirm the diagnosis. A review of the hospital charts and pathology reports for each patient was performed to determine the original histopathological tumor type, the degree of involvement of lymph nodes by the tumor, and whether the tumor expressed estrogen or progesterone receptors.
Perioperative data and surgical approach
Operative data included the type of surgical approach, anatomical levels of disease and levels of instrumentation, type and presence of fusion or instrumentation, estimated blood loss, and amount of blood transfused. No patient received preoperative arterial embolization.
The anatomical location and extent of disease dictated the surgical approach with intention to remove all tumorous tissue when possible, as previously published by Fourney and Gokaslan (Fig. 2) [13] . An anterior or anterolateral approach was used if the disease was primarily located anteriorly in the vertebral body. A posterior or posterolateral approach was used when the disease was primarily posterior or posterolateral. A bipedicular approach was used for circumferential tumors or in regions of the spine that were difficult to access anteriorly (C1-2, T2-4, and L5-S1).
A combined anterior-posterior simultaneous approach was used if the disease involved the lateral elements of the spinal column with significant paraspinal extension. An anterior-posterior staged approach was used for disease located at junctional zones with preexisting spinal deformity. Laminectomy for palliative treatment of anterior spinal cord decompression was not offered to patients. In patients with tumor-related spinal instability, posterior arthrodesis was performed using allograft bone, and posterior stabilization was achieved by implanting instrumentation. The method of posterior stabilization varied depending on the anatomical location of the tumor. Lateral mass screws and plate or rod constructs were used in the cervical spine. Rods with either pedicle screws or hooks were used in the thoracic and lumbar spine. In tumors involving the lumbosacral junction, posterior stabilization was performed using the modified Galveston spinopelvic fixation technique as previously described [25] . Extensive tumors involving both the anterior and posterior aspects of the spine were approached and stabilized either from both anterior and posterior or by using a lone posterior transpedicular vertebrectomy technique as previously described [1] . In the cervical and upper thoracic spine, anterior stabilization was achieved by using the coaxial double-lumen methylmethacrylate technique (with anterior plating) as previously described [35] . Anterior stabilization of the mid-and lower thoracic and lumbar spine was achieved by using methylmethacrylate or titanium spacers with an anterolateral plate.
All intraoperative complications and those that occurred within the first 30 days postoperatively were considered early complications. Those that occurred after 30 days were considered late complications. Complications were classified as major or minor according to McDonnell et al. [33] . The postoperative length of hospital stay (LOS) was recorded for each patient and included time spent on the rehabilitation service.
Postoperative (follow-up) data Details of patient evaluation at the time of discharge and at around 1, 3, 6 months, and 1 year after surgery were reviewed. Comparisons were made between preoperative and postoperative Frankel grade, VAS pain scores, and pain medication usage. Follow-up spine MR images and plain X-rays were also evaluated. Clinical or radiographic evidence of local or distant metastatic tumor recurrence in the spine was noted. Tumor growth at the operation site was considered local recurrence, and tumor growth at another site in the spine was considered distant recurrence.
Statistical methods
The frequencies and descriptive statistics of demographic and clinical variables were recorded for the patients in this study. The chi-square and Fisher exact tests were used for categorical variables, and Student's t-test and the MannWhitney test were used for continuous and ordinal variables, as appropriate. The Wilcoxon signed-rank test was used to compare the paired outcomes at various follow-up points. The Kaplan-Meier method was used to estimate postoperative survival and survival time after primary breast cancer diagnosis [27] . Univariate and multivariate predictors of overall survival were assessed using the Cox proportional hazards model. Variables significant at P < 0.25 in the univariate analysis were tested through a backward stepwise selection process for their independent effect on overall survival. Rate ratios and their 95% confidence intervals (CIs) were computed. The logistic regression model was used to determine factors associated with the development of major early postoperative complications. Odds ratios and their 95% CIs were computed. A P value £ 0.05 was considered significant.
Results
Demographic and clinical characteristics
The demographic and clinical characteristics of these patients are illustrated in Table 2 .
Number and location of spinal metastases
Twenty-six patients (30%) had tumor involvement of one vertebral body, as diagnosed by MR imaging criteria. The remaining 61 patients (70%) had multiple locations of metastases within the spinal column. Twenty-two (25%) had 2, 23 (26%) had 3, and 16 (18%) had 4 or more vertebral bodies involved with tumor material. The anatomical distribution of spinal metastases requiring surgical treatment is illustrated in Fig. 3 . Figure 4 demonstrates the preand postoperative imaging of a selected patient undergoing such surgery.
Surgical procedures
The details of all surgical procedures are shown in Table 3 . A total of 125 procedures were performed in 87 patients.
The median EBL was 475 ml (range, 50-6,000 ml) for the ''anterior-only'' approach, 500 ml (range, 50-3,500 ml) for the ''posterior-only'' approach, 1,350 ml (range, 200-4,000 ml) for the ''combined simultaneous anteriorposterior'' approach, and 2,500 ml (range, 550-5,500 ml) for the ''combined staged anterior-posterior'' approach. For the combined staged procedures, the EBLs of each stage were added together. The EBL for the anterior-only approach was not significantly different from the posterioronly approach (P > 0.35). However, EBL was significantly higher during the combined approaches compared with either the anterior or posterior approaches alone (P < 0.001).
Postoperative neurological function
Of the 76 patients (87%) who were ambulatory preoperatively, the majority (98%) were still ambulatory. Of the 11 patients (13%) who were nonambulatory preoperatively, four patients were alive at 3 months postoperatively, three of which (75%) regained ambulation. Tables 4, 5 provide postoperative neurologic function of patients during follow up. Figure 5a -c provides a more detailed account of neurological changes over time. Of note, the majority of patients (85%) maintained or improved their Frankel scores from preoperative to both immediately and up to 1 year after surgery. Two patients with a preoperative Frankel Grade of A died or were lost to follow-up before 1 month postoperative. One patient with a preoperative Frankel Postoperative pain A comparison of preoperative and postoperative median VAS scores is illustrated in Fig. 6 . The preoperative median VAS was six, whereas the postoperative median VAS was two. This was significantly lower than preoperative pain scores at all time points (P < 0.001). The preoperative median pain medication score was 4 and had dropped to 3 at discharge, where it remained at 1, 3, 6 months, and 1 year after surgery (P < 0.05 for all postoperative time points compared with preoperative).
Hospital course and complications
The patients' median length of hospital stay was 11 days (range 1-54 days). Twenty-nine patients (33%) required postoperative rehabilitation. All complications observed in these patients are illustrated in Table 6 . Thirty-four of the 87 patients (39%) experienced a total of 39 complications, 26% had major complications and 24% had minor complications, as described by McDonnell [33] . Thirty-four complications occurred early (within 30 days of surgery), whereas five complications occurred late. One patient died within 24 h of surgery due to an intraoperative hypotensive cardiac arrest. Preoperative irradiation of the operative site was not associated with postoperative wound infection. Instrumentation failure was caused by local and/or distant spinal tumor recurrence in 43% [6] of these patients. Deep wound infections caused instrumentation failure in 21% [3] of these patients, and the remaining five patients (36%) had failure for nonspecific or unclear reasons.
Multiple variables were assessed to determine risk factors for major early complications ( Table 6 ). The only significant factor at the multivariate analysis level was the instrumentation of five or more spinal levels (risk ratio 7.2, 95% CI, 1.5-35.5, P = 0.01) ( Table 7) . The median overall duration of follow up was 13 months (range < 1-70 months). Patients remaining alive were followed for a median of 10 months (range < 1-70 months). A total of 20 patients experienced tumor recurrences: seven were local, ten were distant, and three patients had both local and distant recurrences. Treatment for recurrence included surgery in 11 patients and radiation therapy in nine patients.
Survival
The median survival interval of patients after the original breast cancer diagnosis was 80 months (6.6 years; 95% CI 5.4-7.7 years). The patient survival rate after the date of primary breast cancer diagnosis was 96% at 1 year, 81% at 3 years, and 69% at 5 years. The patients' median survival time after their first spinal surgery was 21 months (95% CI 16-27 months). The survival rate of patients after their first spinal surgery was 62% at 1 year, 44, 33% at 3 years and 24% at 5 years.
Discussion
The incidence of breast cancer has continued to rise in the United States over the last few decades. In patients with metastatic breast cancer, skeletal involvement is very frequent, with an incidence of 47-85% in autopsy series and 69-80% when defined radiographically [7, 12, 16, 21, 31, 43] . Among reported clinical series of spinal epidural metastases, breast cancer is again common, accounting for 9-40% of all cases [11, 20, 22, 24, 28, 44-47, 49, 50] . Despite the high incidence of breast cancer metastases to the spine, few series in the literature on metastatic spinal disease deal specifically with metastases from breast cancer. The histopathology of the primary cancer has significant implications for treatment and defines the tumor's radiosensitivity, chemosensitivity, vascularity, growth pattern as well as the prognosis [2, 3, 26, 28, 34, 37] . Because of the large number of cancer patients treated at M. D. Anderson, a pathology-specific study of a large number of patients is feasible. Although spinal metastases are most often clinically silent, they can often cause significant morbidity, pain, and neurological dysfunction that may adversely affect quality of life.
The ideal treatment of breast metastasis requires a multidisciplinary approach and treatments including medical treatment, radiotherapy, and surgery [3, 34] . Medical therapies include systemic chemotherapy/hormonal therapy and medications specific for spinal metastases, such as steroids, analgesics, and bisphosphonates [6, 12, 31, 34, 41] . Bisphosphonates are highly effective in reducing bone pain, hypercalcemia and pathological fractures, and they are frequently used at our institutions [23, 30, 31] . For patients with localized bone pain that has not responded to systemic therapy and analgesics, external beam irradiation (30 Gy in ten fractions) is the treatment of choice and usually provides good pain relief [29, 31, 32, 40] . Spinal [9, 17] . In addition, percutaneous vertebroplasty and kyphoplasty have been shown to be safe and effective techniques for treating intractable pain secondary to pathological vertebral fractures of metastatic spine disease [14] .
Indications for surgery
The exact indications for surgery in patients with metastatic spine disease from breast cancer are controversial [8] , although it is generally agreed that the surgery is palliative, not curative. Despite the efficacy of spinal radiotherapy, there are clinical situations in which surgical intervention should take precedence. Assuming the overall medical condition of the patient is suitable to tolerate the proposed operation and the patient does not have a limited life expectancy (<3 months) (Fig. 1) , patients may benefit significantly from surgery, as has been shown in a prospective, randomized clinical trial by Patchell et al. [39] . Generally, surgical indications include: progressive neurological deficits due to significant bone or disc fragment in the spinal canal, mechanical instability, deformity, radiation resistant tumors or tumors that progress despite undergoing maximal radiation dosages, and medically intractable pain [29] . One of the most important reasons surgical resection of spinal metastases in patients with breast cancer has been promoted is as a means to preserve or restore neurological function (Table 8) [5, 20, 25, 35-37, 45, 46, 50, 52] . Because patients with breast cancer have a relatively long life expectancy compared with patients who have other types of cancer, they form a subset in which aggressive surgical intervention should be strongly considered. As evident within this series, a large proportion of patients maintained and even improved their Frankel grade postoperatively with preservation of this benefit up to 1 year or until death (Fig. 5a-c) . There are likely multiple factors that contribute to maintenance or improvement of Frankel grade in such patients, but two possible explanations seem most plausible. Firstly, it is likely that neurological function improved or was maintained in cases where surgical decompression directly alleviated neural compression by mass lesions, retropulsed bone, or tumor-induced deformity. Secondly, in patients with mechanical pain due to tumor-induced instability, internal fixation may have allowed a greater proportion of patients to ambulate by decreasing pain with movement, functioning improving their Frankel grades. Such explanations are merely speculative in such a retrospective study. However, our outcomes do mirror the results of the surgical arm in the study by Patchel et al., which showed a lasting maintenance or regained ability to ambulate in patients with decompressive surgery for vertebral metastases that was significantly better than for similar patients undergoing XRT alone.
Another chief indication for surgery includes treatment of metastatic cancer pain, which is often medically intractable and unresponsive to radiotherapy. Treatment of metastatic spinal lesions with vertebrectomy and stabilization has been shown to provide significant and sustained improvement in pain control (Table 8) [4, 5, 20, 24, 25, 35, 37, 47, 50, 52] . Similar pain relief was achieved in our series, as evidenced by decreases in VAS and pain medication scale scores that lasted for at least 1 year. This reduction in pain and narcotics usage (with concomitant reduction in side effects) may significantly improve the patients' quality of life, regardless of whether the effect is secondary to pain-relieving vertebrectomy, decompression, and/or stabilization [36] .
Several schemes, systems, and algorithms have been proposed in the past to determine which patients with spinal metastases in general, would benefit most from surgery [48, 49] . However, they fall short of determining factors that affect outcome in pathology-specific subgroups. Tokuhashi et al. [48] proposed a preoperative scoring system consisting of six parameters that typically (28) 18 (24) 16 (25) 14 (25) 13 (29) C 8 (9) 5 (6) 4 (5) 1 (2) 2(4) 0(0)
Total patients 87(100) 85 (100) 75 (100) 65 (100) 56 (100) 45 (100) affect prognosis: (1) general condition of the patient, (2) number of extraspinal bone metastases, (3) number of metastases in vertebral bodies, (4) number of metastases in major internal organs, (5) primary site of the cancer, and (6) severity of spinal cord injury. In this scheme, each parameter is given equal weight, and the scores are added together. However, the scoring system was based on only 64 patients with a wide variety of tumor histopathologies (at least 11 types) and included only 13 patients with breast cancer. More recently, Tomita et al. [49] also proposed a prognostic scoring system and surgical strategy for patients with spinal metastases. This system also recognizes the prognostic importance of the histological grade of malignancy of the primary tumor, the presence of visceral metastases to vital organs, and the extent of bone metastases. However, it also is not pathology specific, including nine different cancer histologies in 61 patients, only 16 of which possessed breast cancer. Thus, although these scoring systems may provide a useful guide to managing spinal metastases in general, they are not entirely applicable for all histological types of tumors, in particular, spinal metastases from breast cancer. Another criticism of these two scoring systems is the fact that neither takes into account medically intractable pain as an indication for surgery. However, in looking at the subset including breast cancer patients, our study supports their observations that spinal metastases arising from breast cancer carry a relatively favorable prognosis.
Once the decision is made as to which patients should undergo surgery, a surgical approach and technique must be chosen. The rationale for choosing a surgical approach must take into account the anatomical location and extent of spinal disease. In this study, we have illustrated our algorithm for surgical approaches based on the location of disease in the spine (Fig. 2) . Almost one-third (29%) of the patients in our series required multilevel vertebrectomies and had results quite similar to those undergoing singlelevel procedures. This lends support for a somewhat more aggressive surgical approach, when necessary, to adequately decompress the neural elements and create a biomechanically sound construct.
Complications
A review of multiple series on surgical treatment of metastatic spine disease shows complication rates ranging from 10 to 52% [3, 38] . In a study of 145 patients undergoing surgery for vertebral metastasis, including 39 patients with primary breast cancer, there was 18.6% postoperative complication rate [38] . In our study, the risk of major and minor complications was comparable to those reported by others. However, we note a few differences compared with previous studies on complications for spinal surgery [33] . According to McDonnell et al. [33] , age greater than 61-years-old was a risk factor for complications during anterior spinal surgery. In our series, age as a continuous or categorical variable was not associated with risk of complications. Secondly, in the series of McDonnell et al. blood loss of greater than 520 ml was a risk factor for complications. In our series, only blood losses greater than 2,500 ml were significantly associated with complications. There was a significantly higher blood loss when using a combined surgical approach relative to employing the anterior or posterior approaches alone. Similar to the series of McDonnell et al., we found a higher incidence of complications when using a combined approach, but this did not hold true in the multivariate analysis. It has been reported that preoperative radiotherapy increases wound infection and tissue breakdown rate, particularly after surgery by a posterior approach [18, 38, 51] . In our series, prior history of spinal irradiation was not a risk factor for the development of wound infections.
Conclusions
Spinal surgery for metastatic breast cancer significantly reduces pain and is efficacious in preserving neurological function over short-term follow up with acceptably low morbidity. Future reports on surgical outcomes for patients with metastatic spinal disease should be pathology-specific whenever possible, considering its paramount implications for optimal treatment and prognostication. In addition, future studies should also seek to quantify the contributions to patient outcome that may be provided by concomitant adjuvant therapy given in the peri-operative setting.
